INTRODUCTION

The Antarctic
Ice Sheet is one of the To address these issues, we describe here late Quaternary paleoclimate, icevolume change, and dynamics of the Ross ice drainage system using data from a powerful combination of drift sheets and ice cores. The Ross ice drainage system encompasses about one-fourth of the surface area of the Antarctic Ice Sheet (Fig. 1) . Inland ice divides encircling this drainage system are 5700 km long and display numerous domes and saddles. Ice from the high East Antarctic plateau flows seaward in outlet glaciers that pass through the Transantarctic Mountains into the Ross Ice Shelf or Ross Sea. Ice from the marine-based West Antarctic ice sheet flows through major ice streams into the Ross Ice Shelf. Three deep ice cores with dated paleoclimatic records come from within the Ross ice drainage system (Jouzel et al., 1989) ( Fig. 1 ). This numerical chronology is then supplemented by a relative chronology that employs surface boulder weathering and soil development to correlate drift sheets and, hence, ice profiles among the selected outlet glaciers.
The late Wisconsin longitudinal profiles of these selected Transantarctic outlet glaciers constrain elevation changes of the inland ice plateau through the last glacial cycle. Hence, they bear directly on Antarctic ice-volume changes as well as on the interpretation of paleotemperatures from interior ice cores. The outlet glacier profiles also bear on the configuration of grounded and floating ice in the marine portion of the Ross ice drainage system. This problem has been of interest for nearly 150 yr. In 1841 and 1842, Ross (1847) mapped the edge of the Ross Ice Shelf, or the "Great Icy Barrier. '" Scott (1905, Vol. 2, pp. 422--425) postulated that "when the Southern glaciation was at a maximum.., the Great Barrier was a very different formation from what it is today • . . the huge glacier, no longer able to float on a sea of 400 fathoms, spread out over the Ross Sea, completely filling it with an immense sheet of ice." Scott (1905, Vol. 2, p. 425) further postulated that, during recession, the ice sheet became buoyant and broke away gradually so that the "... Barrier is the remains of the great icesheet." David and Priestley (1914, Fig. 46 , PI. XCV) also postulated northward expansion so that at the time of maximum glaciation the surface of the grounded Ross Ice Barrier (Ross Ice Shelf) reached heights of I000 ft (305 m) in McMurdo Sound and filled the Ross Sea with a grounded "great ice sheet" for at least 320 km north of the current Barrier (Shelf) edge. In sharp contrast, Debenham (1921, Fig. 11 ) interpreted glacial deposits in the McMurdo Sound area in terms of local glaciation.
In recent years this difference of opinion concerning extensive (Denton and Armstrong, 1968; Denton et al., 1970 Denton et al., , 1971 Denton et al., , 1975 Denton and Borns, 1974; Mercer, 1968 Mercer, , 1972 Kellogg et al., 1979) as opposed to restricted (Prw6, 1960; Fillon, 1975) grounded ice in the Ross Sea has resulted in differing reconstructions of late Wisconsin ice extent in the Ross Embayment. The CLIMAP maximum reconstruction is based largely on geological data and shows widespread grounded ice in the Ross Embayment (Stuiver et al., 1981, pp. 376--380) . The CLIMAP minimum reconstruction (Stuiver et al., 1981, p. 375) shows no change in the Ross Embayment and is based on glaciological data that imply little change in the West Antarctic Ice Sheet during the last glacial cycle (Whillans, 1976 results very similar to those obtained in the same field area earlier by Mercer (1972) .
Critical to our discussion are the Reedy II and III profiles of Reedy Glacier (Fig. 2 ) (Mercer, 1968) ; the Beardmore and Meyer profiles of Beardmore Glacier ( Fig. 3 ) (Denton et al., 1989) ; and the Britannia I, Britannia II, and Danum profiles of Hatherton Glacier (Fig. 4) (Bockheim et al., 1989) . All of these profiles show only slight thickening at glacier heads near the polar plateau of the
East Antarctic
Ice Sheet, contemporaneous with substantial thickening at glacier mouths near the Ross Ice Shelf. Our leading interpretation of these ice profiles (Denton et al., 1989; Bockheim et al., 1989 ) is that they reflect ice-shelf grounding in the southwestern and southern Ross Embayment. An alternative explanation of increased ice flow from higher precipitation on the polar plateau is less plausible.
The maximum potential elevation increase along flowlines on the polar plateau ( Fig. 1 Stuiver et el. (1981, pp. 322-355) . Figure  5 shows a reconstruction of the grounded Ross Sea ice sheet in McMurdo Sound.
The ice-sheet limit in Figure 
Murdo
Sound, the Ross Sea drift limit is sharp and commonly marked by a moraine ridge on headlands between ice-free valleys. In contrast, Ross Sea drift in valley floors has an irregular outer limit marked in places by near-horizontal terraces. This situation occurs because Ross Sea ice lobes in these valleys terminated in proglacial lakes. At the height of Ross Sea glaciation, interlocked glacial-and-lake-ice systems formed conveyer belts that transported drift from glacial lobes westward into the ice-free valleys on rafts of lake ice (Clayton-Greene, 1986; Clayton-Greene et al., 1988a) . During transit, fine-grained sediment passed through lake ice to form stratified lacustrine deposits on lake floors. Coarse sediment and clasts either dropped through fissures in lake ice or were deposited in moats at lake edges. The result was near-horizontal lake-edge terraces and a surficial mantle of valley-wall and lake-floor sand and gravel, some in the form of mounds and ridges. Valley. The first suite comes from blue-green algae in deltas of Glacial Lake Washburn.
In the FryxeU basin, former lev-Fi_. 8. Longitudinal profdes of present and former glaciers in Taylor Valley. Position of prof'de is shown as T-T ...... in Figure 12a . "Taylor I," "Taylor II," and "Taylor III" are temporary names for drift sheets alongside upperTaylor Glacier. "Taylor II" drift corresponds with Bonney drift in Taylor Valley. Inset map of McMurdo Dome is from Drewry (1980, 1982) .The locations of the z4Cdates are schematic because they are projected onto the longitudinal profile from their position on the valley floor and walls. 14Cdates listed above the diagram designate deltas in Glacial lake Washburn; those below the diagram designate Ross Sea glacial lacustrine drift. 
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Stuiver et al. (Bockheim et al., 1989) , and upper Taylor Glaciers (Fig. I0 ) (Bockheim, 1982) . Second, we used soil development to determine relative ages of drifts among these outlet glaciers.
We feel justified in this approach because drifts alongside these outlet glaciers are all composed of the same parent material (dolerite and sandstone gravel), occur near the polar plateau in an ultraxerous to xerous cold desert climate, and have similar topography (moraine crest) and elevation (1500-1800 m). and Beardmore Glaciers.
Depth of staining appears to be the most useful relative-age discriminator, followed by depth of coherence and depth of visible salts (Fig. I1) Essential to our analysis of the Ross ice drainage system is the linkage of numerically dated drift sheets to the relative drift chronology derived from Figure   11 . Bonney drift is prominent is both chronologies.
Unfortunately, Ross Sea and (Bockheim et al., 1989) .
The major weakness of correlating Britannia II and outer Ross Sea drift is that we We now expand our stratigraphy of late Quaternary drifts along the length of the Transantarctic Mountains. Table  3 illustrates our discussion. We start by comparing in Figure 9 our numerical drift chronol-ogy with the marine oxygen-isotope record taken as the standard of late Quaternary climate and ice-volume change on a global scale. In Figure 9 it is evident that the outer portion of Ross Sea drift is of late Wisconsin age and correlates with marine isotope Stage 2, the last global ice-sheet maximum.
By our relative chronology, the outer limits. of Beardmore and Britannia drifts are thought to correlate with outer Ross Sea drift from geological arguments given previously.
On the basis of the agreement of field mapping results from the Beardmore Glacier area (Mercer, 1972; Denton et al., 1988) , we think it is very likely that Mercer's (I972) correlation of Reedy III and Beardmore III (our Beardmore) drifts is correct. We also follow Stuiver et al. (1981) Glacier. Finally, Figure 9 shows that Bonney drift correlates with marine isotope Stage 5.
Ice-Sheet Configuration
We use the upper limits of Ross Sea, Britannia II, Beardmore, Reedy III, and "younger" Terra Nova Bay drifts to reconstruct the late Wisconsin (Stage 2) configuration of the Ross ice drainage system. We assume our stratigraphy is correct. Another assumption is that these drift limits are strictly synchronous.
This second assump- (Fig. 12a) et al., 1985) , but the validity of this technique has been questioned (Paterson and Hammer, 1987) . Our outletglacier profiles form an alternative control on interior ice elevations during late Wis-consin time, for they occur on strategic ice flowlines that lead back to interior domes and ice-core sites (Fig. 1) al., 1981) . Further, Rutkowski Glacier in the Dominion Range was behind its present terminal position when Beardmore Glacier thickened to its late Wisconsin limit (Denton et al., 1989) Valley (Stuiver et al., 1981;  Denton  et al., 1988) (Fig. 8) et al., 1984 , 1985 Jouzel et al., 1987 Jouzel et al., , 1989 -1914) .
A lacustrine delta near the top of this threshold dates to 12,420 ± 130 yr B.P. (QL-1913) (Fig. 8) Adare, as well as at Cape Bird and on Beaufort and Franklin Islands in the Ross Sea ( Fig. 13 ). Locations of emerged beaches shown in Figure 13 are from Nichols (1968), Stuiver et al. (1981), and Mabin (1986) . All these emerged beaches are 35 m or lower in elevation (Nichols, 1968; Stuiver et al., 1981; Mabin, 1986 In the Fryxell basin they persisted above the valley-mouth threshold until at least 12,450 __.350 yr B.P. (QL-1043) (Fig. 8 ). Hence, we conclude that a Ross Sea glacier lobe plugged eastern Taylor Valley until this time. We know from _4C dates given earlier that the Ross Sea glacier lobe in eastern Taylor Valley had retreated from the crest of the valley-mouth threshold by 13,040 yr B.P. and from its seaward slope by 11,370 yr B.P. (Fig. 8 ). Nevertheless, higher-than-present lake levels persisted in the Fryxell basin as late as 9200 ---40 yr B.P. (QL-1142) (Stuiver et al., 1981) , although such levels were much lower than the valley-mouth threshold. 14) . Our identification of differing primary controls in these two portions of the drainage system is consistent with such behavior. The potential interdependence of these primary controls can explain the tight out-of-phase behavior that is so closely related to global glacial/interglacial cycles (Fig. 14) . For example, low ice-age temperatures, which can enhance grounding in the Ross Embay-ment,are closely tied to reducedprecipitation (Lorius et al., 1985) . Likewise, lower ice-age sea level promotes grounding in the Ross Sea, which removes a local moisture source and reduces inland penetration of storms.
The behavior of the Ross ice drainage system has global relevance to late Wisconsin sea level and climate.
The maximum CLIMAP reconstruction illustrates thicker and more extensive grounded ice in the Ross Embayment and in West Antarctica (Stuiver et al., 1981, Fig. 7-26) (v) The Vostok and Dome Circe ice cores in the Ross ice drainage system are considered premier recorders of far-southern paleoclimate (Jouzel et al., 1989) . The Transantarctic Mountains outlet glacier profiles are consistent with this conclusion, in that they preclude an alternative explanation that the isotope records from these ice cores simply reflect extensive elevation changes of the East Antarctic polar plateau.
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